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Spodoptera dolichos (Fabricius, 1794) has been reported
in most countries of the American Continents (e.g., SILVA et al.
1968, FERGUSSON et al. 1991, POGUE 2002, PASTRANA 2004). Larvae
have the potential to consume 94 different plants belonging
to 33 botanical families (MONTEZANO et al. 2015), including crops,
weeds, ornamental plants and seedlings in nurseries in differ-
ent countries (e.g., SILVA et al. 1968, POGUE 2002, PASTRANA 2004).
The present study complements a previous one on im-
mature S. dolichos (MONTEZANO et al. 2015), by evaluating and
describing the developmental biological parameters of S.
dolichos. Special emphasis is placed on the biotic potential and
life and fertility tables of the species, obtained under controlled
conditions. Since there is no published information on to the
biology of S. dolichos to compare our results with, we com-
pared them with data on Spodoptera albula (Walker, 1857) and
Spodoptera eridania (Stoll, 1782), specimens reared under the
same conditions (MONTEZANO et al. 2013b, 2014a).
MATERIAL AND METHODS
The insects and laboratory conditions were the same
utilized for immature stages (MONTEZANO et al. 2015). Only first
generation specimens were used in the experiments.
To rule out possible copulation incompatibilities, which
have been reported between biotypes from host plants from dif-
ferent locations, (MURÚA & VIRLA 2004, MURÚA et al. 2008, SADEK
& ANDERSON 2007) the insects used in our experiment were from
the first generation obtained from a cohort of four females and
five males collected in the field (see MONTEZANO et al. 2015).
To avoid the effect of pupal weight on reproductive char-
acteristics (TISDALE & SAPPINGTON 2001), pupae were weighed on
the second day after metamorphosis, and only adult females
from pupae weighing between 0.69 to 0.78g and adult males
from pupae weighing between 0.68 to 0.74 g were used in the
experiment. In addition, to avoid the effects of age on copula-
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tion (KEHAT & GORDON 1975, ELLIS & STEELE 1982, ROGERS & MARTI
JR 1994), couples were formed with adults that emerged on the
same date.
Adults were kept in pairs (n = 25) within cylindrical plas-
tic containers (10 cm in diameter and 15 cm high) to which 20
filter paper strips (12 cm long and 1 cm wide) were attached at
the upper edges of the container, to stimulate oviposition. The
containers were closed at the top with plastic film and at the
bottom with Petri dishes (10.5 cm diameter) lined with filter
paper. The diet of adults was composed of honey (10g), sorbic
acid (1g), methylparaben (1 g), sucrose (60 g), and distilled
water (1000 ml) (HOFFMANN-CAMPO et al. 1985). All components
were dissolved in distilled water and the resulting solution was
kept under refrigeration (7°C) until it was used. Pilsen beer
was added to the solution daily at a proportion of 1:4, beer/
diet, and made available to the insects in a 5 cm Petri dish
lined with cotton wool. Additionally, autoclaved water was
provided in another 5 cm cotton-lined Petri dish. Containers
were examined daily to record adult survival, and to remove
and count the number of eggs. Dead females were dissected to
determine the number of spermatophores they had received
from males during copulation.
The fecundity (number of eggs per female), fertility (num-
ber of hatched larvae per female), longevity and duration of
the pre-oviposition, post-oviposition and oviposition periods
were determined. To estimate fertility, we determined the vi-
ability of 53 egg masses (N = 6,485 eggs) taken from four mated
couples. Each egg cluster was placed in a Petri dish, which was
lined with filter paper moistened with distilled water until lar-
val eclosion. All evaluated egg masses were from females that
had at least one spermatophore in the bursa copulatrix. The
presence of spermatophores was determined after death to
check if females had been fertilized during the experiment.
All the biological parameters were analyzed using descrip-
tive statistics. The fecundity and longevity of both sexes and
the duration of pre- and post- oviposition periods were corre-
lated (Pearson Product Moment Correlation) with the number
of mattings of each couple. Owing to the high correlation of
the parameters with respect to the number of matings, only
the overall average longevity values were compared using the
t-test assuming unequal variances, at a significance level of
5%. Between-couple comparisons of the pre-oviposition, ovi-
position, longevity and fecundity were performed using
ANOVA, with the number of spermatophores as factors, and
the means were separated by Tukey’s test at 5% probability.
After gathering the biological parameters, the Biotic Po-
tential (BP) was calculated considering the resistance of the
environment as being null, using the equation described in
SILVEIRA NETO et al. (1976), BP = (sr * d)n – er, where: (sr) sex ratio
is number of females divided by number of females plus num-
ber of males; (d) viable individuals per female consisting of
the number of eggs per female (or fecundity) multiplied by
total survival; (n) number of generations per year or 365 days
divided by the total lifespan; and (er) environmental resistance,
in this case considered as null.
The biotic potential and fertility life tables were devel-
oped using data from the immature stages of S. dolichos reared
in accordance with the methodology of MONTEZANO et al. (2015).
The data is graphically presented by plotting the probability
of survival values at the midpoint of each time interval, (sur-
vival rate – lx), and the total number of eggs per female per
week which became females (specific fertility – mx).
Using the life table, the values of the different reproduc-
tive parameters of S. dolichos were calculated. The net repro-
ductive rate (Ro), given by the ratio between the number of
females in two successive generations, the mean generation
time (T), which is composed of the mean number of days from
the birth of the parents to the birth of the offspring; the daily
intrinsic rate of increase (rm) and the daily finite rate of in-
crease (), followed the formulas given by SILVEIRA NETO et al.
(1976).
RESULTS
Table 1 presents the longevity of 25 S. dolichos couples,
females and males, the mean length of their post-, pre- and
oviposition, and their mean fecundity. Using the data on egg
viability (97.5%) of 4,086.0 eggs, the mean fertility was 3,557.8
larvae per female.
Table 1. Means, standard deviation (SD) and range of longevity,
pre-, post- and oviposition periods and fecundity of 25 couples of
Spodoptera dolichos, under controlled conditions (25 ± 1°C, 70 ±
10% RH and 14 hour photophase).
Sex Biological parameter Mean SD Range
Both Longevity (days)  12.94  2.92 7 – 24
Female Longevity (days)  13.52  3.39 9 – 24
Pre-oviposition (days)  3.04  1.54 2 – 7
Post-oviposition (days)  0.44  0.51 0 – 1
Oviposition (days)  10.40  2.52 6 – 17
Fecundity (eggs)  4,085.96  1,589.35 1,029 – 6,306
Male Longevity (days)  12.36  2.27 7 – 17
Comparisons of male and female mean longevity using a Student t-test,
considering different variances, at 5% level of significance (ns – p = 0.163).
The average number of copulations per female was 1.40
times. While four (16.0%) females did not copulate, ten copu-
lated only once (40.0%), eight copulated twice (32.0%) and
three copulated three times (12.0%). A strong positive correla-
tion was observed between the number of copulations and fe-
cundity (r = 0.939, p < 0.001), along with a negative correlation
between the number of copulations and duration of the pre-
oviposition period (r = -0.664, p = 0.001), oviposition period
(-0.490, p = 0.013) and longevity (r = -0.554, p = 0.004).
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The mean daily number of eggs from unfertilized females
was smaller than from females that were fertilized once or more
often, along with an increase in the length of the pre-oviposi-
tion period (Fig. 1). The pre- and oviposition periods of fe-
males not fertilized were significantly longer (Figs. 2-3). Such
differences were responsible for the increased longevity of the
unfertilized females with respect to females that were fertil-
ized. Similarly, a reduction in the longevity of males respon-
sible for fertilizing females was observed (Fig. 4). The fecundity
of females was positively affected by the number of matings:
females that were not fertilized oviposited less than one third
the number of eggs than those that were fertilized, with sig-
nificant differences between unfertilized females and females
that were fertilized once and twice (Fig. 5).
Figure 1. Daily mean number of eggs of Spodoptera dolichos that
unmated (n = 4), mated once (n = 10), twice (n = 8) or three
times (n = 3). One couple per cage at 25 ± 1°C, 70 ± 10% RH and
a 14 hour photophase.
Figures 2-3. Pre-oviposition (2) and oviposition (3) periods of
Spodoptera dolichos that unmated (n = 4), mated once (n = 10),
twice (n = 8) or three times (n = 3). One couple per cage at 25 ±
1°C, 70 ± 10% RH and a 14 hour photophase. Means followed by
the same letter are not statistically different from each other by
Tukey test, at 5% probability.
2
The biotic potential was calculated from the equation BP
= (sr*d)n – er BP = (0.51 x 3,557.8) 5.78 – 0 and determined 7.1 x
1018 individuals per female per year. Calculation considered that
137 female and 131 male immatures reached the pupal stage, at
a ratio of 0.51. On average, each female oviposited 4,086.0 eggs
and the overall survival was 87.1%, resulting in 3,557.8 viable
individuals per female period. The average duration of the life
cycle (63.1 days) corresponds to 5.78 generations per year (n),
considering the environmental resistance as null.
The maximum rate of population growth occurred be-
tween days 54 and 56, during the 7/8th week of life, repre-
sented by the intersection of the specific survival and fecundity
lines (Fig. 6). This rate is shifted towards the beginning of the
adult phase, especially driven by the higher fertility and low
mortality of immature individuals, soon after emergence.
The net reproductive rate (Ro) was 1,711.98 females per
generation, the mean generation time (T) was 56.19 days, the
3
Figure 4. Longevity of Spodoptera dolichos females (dark bars) and
males (empty bars), that unmated (n = 4), mated once (n = 10),
twice (n = 8) or three times (n = 3). One couple per cage at 25 ±
1°C, 70 ± 10% RH and a 14 hour photophase. Means followed by
the same letter are not statistically different from each other by
Tukey test, at 5% probability.
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daily intrinsic rate of increase (rm) and the daily finite rate of
increase () were rm = 0.133 and  = 1.142.
DISCUSSION
The longevity (Table 1) and duration of the immature
phase (MONTEZANO et al. 2015) of S. dolichos (male forewing
length 18-21 mm) encompassed a total of 63.1 days, which is
much longer than in smaller species (POGUE 2002) raised in the
same conditions, such as S. albula (male forewing length 10-
14.5mm) and S. eridania (male forewing length 13-15.5 mm)
(MONTEZANO et al. 2013a,b, 2014a,b). However, longevity and
the duration of the immature stages were similar to those re-
ported for Spodoptera cosmioides (Walker, 1858) (male forewing
length 16-20 mm), whose size is similar to that of S. dolichos
when reared under similar environmental conditions and arti-
ficial diet (BAVARESCO et al. 2004). Therefore, the results indicate
that S. dolichos, one of the largest species of the genus (POGUE
2002), also presents the longest periods of development.
Nevertheless, as demonstrated for other species of the
genus (KEHAT & GORDON 1975, ETMAN & HOOPER 1979, ELLIS &
STEELE 1982, ROGERS & MARTI JR 1997, MONTEZANO et al. 2013b),
analysis of the results comparing longevity as a function of
the number of matings (Fig. 4) indicates that the number of
matings is an important factor to be included in longevity stud-
ies, especially considering the prolonged pre-oviposition and
oviposition periods of unfertilized females t (Figs. 2-3).
Considering the data on immature stages (50.2 days),
the average longevity of S. dolichos adults corresponds to 20.5%,
or more than one-fifth of their entire life cycle. This is less
than the longevity obtained for S. albula (28.3%) (MONTEZANO
et al. 2013a, 2014a) and S. eridania (24.5%) (MONTEZANO et al.
2013b, 2014b) under the same conditions. Moreover, the greater
longevity of S. dolichos, like other species of the genus that
have great dispersal and/or migration ability (FERGUSON et al.
1991), is related to its wide distribution within the American
Continents, extending between the parallels 30° North and
South (e.g., POGUE 2002, PASTRANA 2004).
The number of matings observed in this study is within
the range described for S. albula (MONTEZANO et al. 2014a) and
S. eridania (MONTEZANO et al. 2013b) reared under the same con-
ditions. The number of matings is similar to the data obtained
for Spodoptera frugiperda (J.E. Smith, 1797) by MURÚA et al. (2008).
These authors found very discordant values between different
S. frugiperda populations in Argentina (0.78 to 2.32 spermato-
phores per female). Regarding the absence of mating in some
S. dolichos couples, they reported that in some groups of S.
frugiperda more than 20% of the females did not mate. The
strong positive correlation between the number of copulations
and fecundity obtained in this study, also observed with S.
eridania (MONTEZANO et al. 2013b) and S. frugiperda (MILANO et
al. 2008), suggests that a greater number of S. dolichos indi-
viduals per cage would also increase the number of copulas.
The negative correlation observed between the number
of copulas and the pre-oviposition period (Fig. 2) indicates that
the pre-oviposition period of S. dolichos increases when indi-
viduals mate less often or do not mate at all, which is also
reflected in their prolonged longevity. This result was also re-
ported for S. eridania (MONTEZANO et al. 2013b), Spodoptera
littoralis (Boisduval, 1833) (KEHAT & GORDON 1975, ELLIS & STEELE
1982), Spodoptera litura (Fabricius, 1775) (ETMAN & HOOPER 1979)
and Spodoptera exigua (Hübner, 1808) (ROGERS & MARTI JR 1997).
In the same way, the significant negative correlation
between the number of copulas and oviposition period (Fig. 3)
is related to the interaction between egg production and me-
tabolism (HOU & SHENG 1999). It is postulated that multiple
fertilizations stimulate egg production and accelerate energy
consumption, reducing the resources available for somatic
Figure 6. Relation between fertility (mx) and survival rate (lx) of
Spodoptera dolichos reared on an artificial diet at 25 ± 1°C, 70 ±
10% RH and a 14 hour photophase.
Figure 5. Mean fecundity of Spodoptera dolichos that unmated (n
= 4), mated once (n = 10), twice (n = 8) or three times (n = 3).
One couple per cage at 25 ± 1°C, 70 ± 10% RH and a 14 hour
photophase. Means followed by the same letter are not statisti-
cally different from each other by Tukey test, at 5% probability.
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maintenance. However, a reduced egg laying period associated
with a greater number of copulations, as described by HOU &
SHENG (1999), is likely related with the increase in the repro-
ductive activity ofo the females that copulated more.
The pre-oviposition period of S. dolichos (Table 1), espe-
cially of fertilized females (Fig. 2), lasts at least one more day
than in S. albula and S. eridania (MONTEZANO et al. 2013b, 2014b)
under the same conditions. Ultimately, the sexual maturity of
S. dolichos occurs soon after emergence, as with other represen-
tatives of Spodoptera (e.g., ETMAN & HOOPER 1979, HABIB et al. 1983,
TISDALE & SAPPINGTON 2001, BUSATO et al. 2006). Our results indi-
cate that the initial fertilization period of S. dolichos must be
between the second and the third day after emergence. How-
ever, the onset of oviposition, at least in the first days after emer-
gence, is conditioned by the occurrence of the first mating, as
observed for S. exigua (ROGER & MARTI JR 1997), S. eridania
(MONTEZANO et al. 2013b) and S. albula (MONTEZANO et al. 2014a).
The fertility of S. dolichos was highly variable, with ap-
proximately 4,000 eggs per female (Table 1), when considering
adults from pupae of average weight. The fertility of this spe-
cies is much higher than that observed in S. albula and S.
eridania reared under the same conditions (MONTEZANO et al.
2013b, 2014a). It was also higher in S. frugiperda (male forew-
ing length 10.5-15 mm) reared under similar conditions of tem-
perature and diet (BUSATO et al. 2006), and S. littoralis (male
forewing length 12-16 mm (SOROUR et al. 2011). In general, fe-
cundity of S. dolichos was similar to that described for S.
cosmioides. However, BAVARESCO et al. (2004) reported that when
larvae of S. cosmioides were fed a more suitable artificial diet
and adults fed 10% honey solution, fecundity was greater
(4,844.4 eggs/female) than in S. dolichos. Nevertheless, in same
study, the fecundity of S. cosmioides (3,753.0 and 1,654.8 eggs/
female) was lower than of S. dolichos when larvae were feed
two other, less suitable artificial diets.
Two fundamental factors are attributed to the differences
in fertility found among the various studies: a) adequacy of
the diet, since the pupae of the most fertile specimens reported
in the literature were heavier; similar evidence was observed
in S. eridania (MONTEZANO et at. 2013a), S. cosmioides (BAVARESCO
et al. 2004), S. frugiperda (BUSATO et al. 2006); and b) fertiliza-
tion of females (Fig. 5), when considering only the data from
females that mated, the fecundity increases to 4,595.8, similar
to the maximum reported for S. cosmioides, 4,844.4 eggs/fe-
male, that received a more suitable diet (BAVARESCO et al. 2004).
The high egg viability (97.5%) is correlated with the fer-
tilization of females that had one or two spermatophores. This
percentage agrees with the 94.5 and 97.8% observed for fertil-
ized females of S. albula and S. eridania under the same condi-
tions (MONTEZANO et al. 2013b, 2014a), and generally agrees with
studies on representatives of the genus Spodoptera where it is
demonstrated that multiple matings show an increase in repro-
ductive capacity and fertility (KEHAT & GORDON 1975, SADEK 2001,
SADEK & ANDERSON 2007, BUSATO et al. 2008, MILANO et al. 2008).
Despite the high fecundity and fertility (Table 1), the
biotic potential (7.138 x 1018 individuals/female/year) of S.
dolichos was lower than that observed for S. albula and S. eridania
under the same conditions (MONTEZANO et al. 2013b, 2014a),
especially influenced by the long duration of the life cycle,
represented by a mean generation time (T) of 56.19 days. De-
spite this, the high value of net reproductive rate (Ro) was equal
to 1,711.98 females per generation, the daily intrinsic rate of
increase (rm = 0.133) and the daily finite rate of increase ( =
1.142) were less than those observed for S. albula and S. eridania
under same conditions (MONTEZANO et al. 2013b, 2014a).
Our results, compared to other studies (e.g. BAVARESCO et
al. 2004, BUSATO et al. 2006, MONTEZANO et al. 2013b, 2014a),
indicate that larger Spodoptera species take longer to develop
and have higher fecundity. Therefore, the increase in fecun-
dity compensates for the longer developmental period of
larger species, for instance S. dolichos (present study) and S.
cosmioides (BAVARESCO et al. 2004), i when compared with
smaller species, for instance S. albula (MONTEZANO et al. 2013a),
S. eridania (MONTEZANO et al. 2014b) and S. frugiperda (BUSATO
et al. 2006).
The maximum rate of population increase of S. dolichos
(Fig. 6) happens in the beginning of the adult stage, especially
driven by the higher fertility and low mortality of the imma-
ture individuals shortly after emergence. These observations
are similar to those reported in other studies conducted with
representatives of Spodoptera where the highest fertility values
are observed during the first days after emergence (KEHAT &
GORDON 1975, SADEK 2001, BAVARESCO et al. 2004, MURÚA & VIRLA
2004, BUSATO et al. 2006, MONTEZANO et al. 2013b, 2014a).
The results of this study, in addition to the S. albula and
S. eridania studies (MONTEZANO et al. 2013b, 2014a), demonstrate
that a reduction, or delay, in the number of copulas negatively
influences the population parametersI. This result highlights
the the relevance of studies that aim to identify and to use S.
dolichos pheromones (e.g. MITCHELL & TUMLINSON 1973, LALANNE-
CASSOU et al. 1994, MEAGHER 2001) to delay,prevent, or reduce it
mating in nature (CARDE & MINKS 1995), as a strategy for the
integrated management of this pest species.
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